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A TRANSPORT AND DIFFUSION MODEL FOR SMOKE MUNITIONS

1. INTRODUCTION

The AMSAA smoke model, referred to as the Smoke Effec-
tiveness Manual Model (SEMM), as described here was derived from
the original JTCG Smoke Obscuration Model No. 1 (SOM-1) whose principal
author was M. C. Johnson. In order to make the model more manageable,
Mr. G. Hanna of AMSAA and the Oklahoma State University Engineering
Field Office at Eglin Field, Florida, revised the SOM-1 by removing the
more doubtful transmission and brightness calculations leaving this
information to be supplied by calibrated test results. Also, additional
features were included such as the effects of weapon delivery errors and
a comprehensive analysis of the density distribution of the smoke cloud.

The AMSAA smoke model forms the basis for constructing the
obscuration tables given in the Smoke Effectiveness Manual published
by the Joint Technical Coordinating Group for Munitions Effectiveness.
It considers the delivery of white phosphorus (WP) or hexachlorethane
(HC) muntions by indirect fire weapons to selected aimpoints located at
a given range from the delivery weapons. Single or multiple volleys
may be fired. After impact, the computer program determines the amount
of obscurant at various time intervals along numerous lines of sight.
The obscuring screen is transported and diffused as a function of local
meteorological conditions during which time a criterion is applied to
determine if target detection can be achieved with the particular visual
aid employed. The model is adaptable to a number of spectral ranges and
visual aids depending on the input data used. The following distinctive
features are noteworthy:

e The smoke model is a transport and diffusion model and re-
quires transmission data.

e The model assumes an uncorrelated guassian trivariate
distribution for each obscuring burst.

e The model produces "holes" or discontinuities in the smoke
screen due to the aiming and precision errors of indirect
firing weapons.

¢ The model is used for detection but with the proper data
can be used for recognition and identification.

According to Johnson, Reference 2, the gaussian trivariate
distribution of aerosols, chosen for this model, evolved from the works
of Sutton, Calder and Milly. Milly compared the model against numerous
test data on munitions of various types in order to establish the values



of the model's constants. Johnson states that the model is usually
selected by analysts for short to medium cloud travels because of the
simplicity of parameters required for input information.

A recent adjustment has been made to the WP portion of the
model and is currently being evaluated. This change will improve the
correlation of the model output with field data from smoke tests.
Documentation will be published at a later date.

2. MODEL DESCRIPTION
2.1 General.

The AMSAA model can ba used for both WP and HC munitions.
Some model changes are required when employing either agent but a basic
similarity exists between both applications.

When bursted, a WP munition develops an initial size which
proceeds to diffuse and transport according to meteorological conditions.
Similarly, the smoke produced by HC munition is treated as a large num-
ber of small individual continuous bursts or puffs which form an elon-
gated screen with a fixed origin. In both cases, the bursts are assumed
to have a trivariate gaussian distribution with standard deviations oy,
gy, 0z at any time t given by Sutton as:

0.1522 (l%L%%li)°9294

Q
1t

Ut + B (2.1)

oy = 3.41 (o)

= Ut + ¢\B
g, = 1.35 (——26——)

The quantity U represents the mean wind velocity near the ground and

t measures the age of each burst. The exponents o and B are func-
tions of the temperature gradient in the vicinity of the ground. The
quantities A, B, and C account for the size of the initial burst of the
munition. These values are zero for HC rounds but have the following
values for WP rounds:

A=1.0 (°xs y1/.9294
B = 100 (§¥§To /o (2.2)
¢ =20 (;%%5)1/3
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where oyg, Oyg, and 0,5 are the source values of the standard devia-
tions and depend on tﬁe WP i1l weight of the munition. The constants
in Equations (2.1) and (2.2) were established by Milly, Reference 1, in
accordance with test data but have been modified somewhat by past users.
The growth of these sigmas with time establishes the diffusion qualities
of the bursts and consequently that of the smoke screen.

For calculating convenience, the model employs three coordi-
nate systems; these are (a) an earth fixed system, (b) a weapon axis
system with the y axis extended in the direction of the line of fire,
and (c) an axis system so oriented that its x axis is always along the
wind direction. The latter facilitates the integration of smoke density
along the selected Tines of sight.

The burst points of the munitions differ from the intended aim
points by the aiming and precision errors in firing. Figure 1 shows the
intended deployment of munitions in a lazy W pattern along with the
actual bursts as delivered by a battery of six weapons, firing at 2/3
their maximum range, on one occasion. An estimate of the range and
deflection deviations of the actual centroid of burst points from
the intended centroid of bursts due to the aiming error is estimated by
sampling the random variable x from a uniform source and proceeding as
shown in Figure 2 to arrive at the corresponding miss distances R and D.
These distances are Taid out along the weapon system axis.

A similar procedure is followed to find the contribution of
the precision error at each burst point. Components of the precision
and aiming error are summed to arrive at the total error between
the intended and actual burst points. Range and deflection standard
deviations for both errors must be known.

The inclusion of munition delivery errors is essential to the
development of "holes" or periods of relatively short visibility through
the smoke screen. Precision errors are mainly instrumental in creating
"holes" in predominently cross wind cases whereas aiming errors can pro-
duce significant smoke screen displacements in obscuring an enemy front
in prevailing head or tail wind situations.

During the development of the smoke screen from the individual
bursts, the density of the screen at any point is the sum of the densi-
ties of the individual burst taken.at that point. With a mean ground
wind velocity U in a direction x, the cloud density at point x, y, z
in the wind axes system is given by:

N 2.8
DEN = 23/2 GQQQG expi- 1 [(x--Ut)2 " ,y_2 g (z-_z(t))z] -2
(2) 1 xyz. g : ai ayz 022
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FIGURE 1 - MUNITION DISPERSION DUE TO PRECISION AND AIMING ERRORS

QSR = range std deviation
CYD = deflection std deviation
fl.opP
cum-circular
?igggm normal (o = 1.0)
X
A
0
= 27X
= A sin BqB
D=A cos Bo

D

FIGURE 2 - DEVELOPMENT OF PRECISION Ai{D AIMING ERRORS
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where A is the munition efficiency with which the smoke producing
material is used.

Q is the weight of the smoke producing material prior to
dissemination, excluding weight lost in the plume.

Q is the yield factor associated with the physio-chemical
reaction process which converts smoke producing material
into smoke. For hydroscopic agents this quantity is
mainly a function of relative humidity.

z(t) 1is the function which describes the vertical motion
of the smoke due to updrafts from heat released dur-
production. .

N is the number of bursts of WP or puffs of HC forming
the smoke screen.

The integration of the density Equation (2.3) is carried out
along various lines of sight Lj originating at the observer's position
and passing throught the screen. The mass per unit area of the ob-
scurant along line Lj is therefore:

L

: .
MASS (L) = Z/ (DEN) dL (2.4)
1

0
The Tine of sight L is an obscured path if and when:
MASS (Ly) > CLTHRS (2.5)

where CLTHRS is the threshold value for the combined smoke agent and
optical aid employed. That is, it is the mass per unit area through
which the probability of target detection is derived due to the at-
tenuation of the obscurant.

11




The obscuration characteristics of the smoke cloud is deter-
mined by exploring various lines of sight (LOS) through the developing
screen. Figure 3 shows a screen formed by the diffusion of three bursts.
An enclosing rectangle is given by the four sigma values of those bursts
which define the rectangle's maximum dimensions. The size of the
rectangle gives the limiting locations of the exploratory LOS's and
assumes that these LOS's form unobscured paths. Figure 4 expands this
idea indicating the individual LOS's along with their respective separa-
ting lengths, Ax. The screen length is defined by the first and last
LOS which satisfies the condition given in Equation (2.5). Those interior
Ax's which correspond to those LOSs which fail to meet this criterion
are summed to give the effective size of the "hole" in the screen. The
effective cloud length is given by the total length less the "hole"
size. Replications of the above procedure, repeatedly sampling the
precision and aiming errors, provide the average values of the total and
effective cloud lengths. :

The model makes provisions to explore the characteristics of
the smoke cloud in greater depth. Thus the densities at numerous points
within the smoke cloud, at a given height above ground level, are pre-
sented as an array of data thereby making it possible to follow the time
history of high and low density areas. Another feature is the calcula-
tion of the smoke concentration along numerous lines of sight originating
at points along the near, or observer edge, of the cloud and terminating
at points along the far edge. In this way multi observer-target LOS's
are explored for each cloud time history.

3. MODEL INPUT DATA

The model inputs needed to produce obscuration results may be
divided into two parts, selected inputs and fixed inputs. The selected
inputs are those which the user can choose in battlefield planning in
order to employ the JTCG/ME Smoke Manual. They are also the most signifi-
cant parameters determining the history of the smoke cloud. The fixed
inputs are those, which have a lesser influence on the dissemination of
the smoke cloud and which are not easily discernible or calculable on
the battle field. They are inputs that are either held constant in
developing the smoke tables or values that are dependent on those of the
selected inputs.

3.1 Selected Inputs.

3.1.1 Meteorological Conditions. Select meteorological
conditions have been reduced to five combinations of atmospheric stability
and wind velocities in accordance with the Pasquill grouping of these
parameters. These are in Table 1.

e
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TABLE 1. METEOROLOGICAL CONDITIONS

Approx.

Wind Speed, Pasquill

Stability knots Category

Ideal (Inversion) 5 E o1iP
Favorable (Neutral) 5 DtoC
Favorable (Neutral) 10 b ta .6
Favorable (Neutral) 15 DtoC
Marginal (Lapse) _ 5 A to B

3.1.2 Wind Direction. The wind directions are chosen with
reference to the observer-to-target L0OS. These are crosswind, head or
tail wind, and quartering wind.

3.1.3 Munition Type. The model will produce obscuration re-
sults for currently available WP and HC munitions. Those to be included
in the Smoke Manual are shown in Table 2.

TABLE 2. SELECTED SMOKE MUNITIONS

105mm, M84B1, HC

105mm, M60A2, WP

155mm, M110E2, WP

155mm, M116B1, HC

4,2", M328A1, WP

81mm, M375A2, WP

5", 5.54 CAL., WP

s 3.1.4 Volley Size. One or more multi-round volleys may be

fired at selected times between volleys. To avoid lengthy tables in the
Smoke Manual, only the effects of single round or multi-round volleys

will be listed and the effects of additional volleys approximated by
simple manual calculations.

15

P



3.1.5 Spectral Bands. The model is adaptable to any spectral
band for which the sensor’s capability against a particular smoke agent
is available. This capability is represented by the concentration-
length of smoke which the sensor can defeat. For the Smoke Manual,
results will be listed for the visible spectrum, for an anti-tank guided
missile and for the currently available night sight operating against
the smoke munitions.

3.2 Fixed Inputs.

As stated in paragraph 3, the fixed inputs are those which are
either held constant in preparing the smoke tables or whose values are
average values corresponding to the range of selected inputs.

3.2.1 Yield Factor. Most military screening smokes consist
chiefly of hydroscopic products of chemical reactions which form dilute
solutions in the presence of atmospheric water vapor. The resulting
smoke clouds are actually suspensions of small liquid droplets. Both WP
and HC munitions are in this class and the mass of smoke they produce is
greater than the mass of the original dry agent. Fog oil smoke, on the
other hand, is an atomization of a liquid and the smoke mass is equal to
the mass of oil consumed. The yield factor is the ratio of the wet
smoke mass produced to the mass of dry agent consumed. Yield factors
for various smoke agents, taken from Reference 2, are shown in Figure 5
plotted as a function of relative humidity. A constant relative
humidity of 50 percent was used in developing the smoke tables.

Table 3 gives values of yeild factor used in developing the smoke tables.

TABLE 3. YIELD FACTORS FOR 50 PERCENT RELATIVE HUMIDITY

Type Munition Yield Factor
WP 5.2
HE 1.85

3.2.2 Diffusion Parameters a and B. According to Milly,
Reference |, the diffusion of the smoke bursts (or puffs in the case of
HC) are controlled by the meteorologically dependent quantities « and
B which are determined by the local temperature gradient. A reproduc-
tion of Milly's curve is shown in Figure 6. o and g develop the
standard deviations for the trivariate smoke density distributions in
directions perpendicular to the wind direction. Along the wind direc-
tions, the diffusion parameter & has the constant value 0.9294. The
specific temperature gradients and corresponding a and g values are

16
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given in Table 4 for the three atmospheric stability conditions covered
in the smoke tables. The gradient is represented by the average tempera-
ture difference between a height of 4 meters and 0.5 meters along the
local terrain.

TABLE 4. o AND B VALUES FOR THREE STABILITY CONDITIONS

AT, OF . a =B Stability Conditions
- 1.5 1.5 Lapse
0 0.88 Neutral
+ 1.5 0.70 Inversion

The stability conditions are selected inputs.

3.2.3 Munition Fill Weight. The AMSAA Model uses the munition
fill weight modified by an efficiency factor to account for two effects;
(1) the amount of fill actually converted to dry smoke and (2) the amount
of smoke which is lost in the rising plume. The former is determined
from test results while the latter is dependent on atmospheric stability
and is employed instead of using a smoke rise function. The product of
fill weight and efficiency is called the effective fill weight for the
munition and its values are given in Table 5 for the munitions listed
in Section 3.1.3.

TABLE 5. EFFICIENCIES AND FILL WEIGHTS FOR VARIOUS MUNITIONS

_ Efficiency Effective Fill Wt. (1b)
Munition F1}}b¥t. Lapse Neutral Inversion Lapse Neutral Inversion
105 WP 85igh 0.10 0.10 0.30 0.38 0.38 155
105 HC 7.50 0.75 0.75 0.75 5.60 5.60 5.60
155 WP 15.6 0.10 0.10 0.30 1.56 1.56 4,68
155 HC 25.8 0.75 0.75 0.75 19.4 19.4 19.4
4.2 in. 7.5 0.40 0.40 0.60 3.0 3.0 4,5

WP

81mm WP L5 0.10 0.10 0.30 0,175 0.195 0.53

5 in. WP 8.34 - - - - - -
19



3.2.4 Source Sigmas, 9yc, Fyc, S 7c. While HC smoke
originates from a small area which may be considered a point source, WP
smoke originates as the result of a bursting charge which ignites and
separates the filler material. The distribution of this material is
assumed to have the same gaussian characteristics as the subsequent]y
diffused cloud. The source sigmas, defined as 9y g in
Equation (2.2), characterize the initial WP burst and have vafues
strongly dependent on the munition's effective fill weight. Their
growth with time defines the diffusion process of the smoke screen.
Under calm wind conditions %y is equal to 9y¢ so that the cloud
obtains a circular symmetry 1n planes para11e? to the ground. In strong
winds, the down wind sigma, 9, may be skewed in the wind direction.

For HC munitions the source sigmas are given a value of zero. Figure 7,
taken from Reference 2, shows the calm wind sigmas plotted against the
munition's effective fill weight as determined by limited test results.
For the WP munitions listed in Section 3.2.3, the source sigmas were
used in preparing the Smoke tables.-

TABLE 6. SOURCE SIGMAS FOR VARIOUS WP MUNITIONS

Oye = qu, meters 9., meters
Munition Lapse Neutral Inver. Lapse Neutral Inver.
105 WP 2.79 | 2.8 378 0.93 0.93 1.26
155 WP 4.13 4.13 5:62 18 .37 1.87
4.2 in. WP 4.96 4,96 556 1.65 Il./65 1.87
81lmm WP 2.24 2.24 3.05 0.74 0.74 1.01

5 in. WP - - - - . s

3.2.5 Light Attenuation and Extinction Coefficient. The frac-
tional loss of light intensity and the extinction coefficient are assumed
to be adequately related by the Beer-Lambert Law. When the threshold
level of attenuation and the extinction coefficient for a particular
smoke agent are used in this relationship, the threshold value of smoke
concentration times length is obtained. This value, noted as CLTHRS in
the model, is the model's obscuration criterion and is determined as a
function of the selected inputs. In fact, the ability of the sensor to
"see" through the cloud of a particular obscurant depends on its ability
to defeat its corresponding concentration - length threshold. The fixed
inputs of attenuation threshold and extinction coefficients used in the
model are given in Table 7 for the visual range, for an anti-tank guided
missile (ATGM) and for an operating set of night sights.

20
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TABLE 7. ATTENUATION THRESHOLD AND EXTINCTION COEFFICIENTS

VISIBLE ATGM NIGHT SIGHT

ATTEN. THRES. 0.90 099 0.95
WP 0.00332 0.00267 0.00028
HC ' 0.0045 0.0029 0.000061

3.2.6 Munition Delivery Accuracy. The smoke tables are con-
structed for munition delivery accuracies corresponding to two-thirds of
the delivery weapon's maximum range. Representative values of the aiming
and precision errors for the cannon and mortar weapons covered in the
manual are listed in Table 8. The aiming errors represent adjusted fire.

TABLE 8. AIMING AND PRECISION ERRORS

Range (m) Precision, Std. Dev. Aiming, Std. Dev.

Range  Defl. Range  Defl.
105 How. 7600 23 6 36 27
155 How. 12000 44 10 46 15
4,2 In. Mort. 4000 43 5 49 27
81mm Mort. 5000 37 6 45 27

5 In. Gun 16000 - = = -

3.2.7 Aimpoints. The intended center of impact for the
volley located from the center of the firing weapons as the origin of
coordinates, is designated as YT in the range direction and XT in the
lateral direction. The values for YT correspond to the weapon ranges
quoted in Section 3.2.6 while XT is taken as zero. The location of the
intended impact points about the intended center of impact taken as the
origin, are noted as XIDEAL or X(I) in the lateral direction and YIDEAL
or Y(I) in the range direction. These points also establish the desired
impact pattern. Table 9 gives the intended impact points for some
of the volley sizes used in constructing the tables in the Manual.

22



TABLE 9. INTENDED IMPACT POINTS FOR VARIOUS MUNITIONS AND VOLLEY SIZES

Firing Volley XIDEAL YIDEAL
Pattern Size fm) m
105 How. Lazy W 6 -75 -15
-45 15
-15 0
15 0
45 15
75 -15
155 How. Lazy W 6 -125 -25
- 75 25
- 25 0
25 0
75 25
125 -25
4.2 In. Line 4 - 60 20
Mort. - 20 0
' 20 20
60 0
81lmm Mort. Line 3 - 30 0
0 0
30 0
5 In. Gun Converge 2 0 0
Sheaf 0 0

3.2.8 Relijability. The reliability of all munitions is assumed
to be 100 percent. For a round reliability other than 100 percent, the
model would produce an average cloud length. For small volley sizes, say
a one round volley, an average value would not be realized since a full
cloud either would or would not occur.

3.2.9 Burn Time. The burn time for all HC rounds is assumed to
be 2 minutes. 1his is in accordance with field test data. (Reference 4).

4. SAMPLE RESULTS

Sample calculations were made for a battery of 155mm weapons
firing in a cross wind of 5 knots under neutral atmospheric conditions.
Table 10 shows the results of firing a single volley of 2, 4, and 6 rounds
of WP and HC ammunition. The battery fire has been adjusted thereby

23



minimizing the aiming errors. The cloud characteristics are defined as
follows:

(a) Total cloud length - The included distance between the
extreme left and right obscured LOS from the observer's position.

(b) Effective cloud length - The total cloud length less the
sum of the included "hole" lengths.

(c) Upwind edge of cloud - The distance of the upwind edge of
the cloud from the intended volley aimpoint (centroid). This distance
becomes negative when the upwind edge crosses the aimpoint.

(d) Downwind edge of cloud - The distance of the downwind
edge of the cloud from the intended volley aimpoint. This distance is
positive when the downwind edge is downwind of the aimpoint.

The two-round volleys are fired at aimpoints 3 and 4 of the
Lazy W shown in Figure 1 while the four-round volleys use the outer
aimpoints 1, 2, 5 and 6. These aimpoints were chosen to illustrate the
results obtained using close and separated bursts and are not neces-
sarily those to be used in actual firings. The lateral spacing between
each sequential aimpoint is 50 meters, all of which are located at two-
thirds of the weapons' maximum range from the firing position.

Referring to the WP two-round volley data in Table 10, the
closeness of the aimpoints results in a cloud with an initially small
hole between the two bursts. This is indicated by the difference between
the total and effective lengths. The total obscuring length increases
to 202 meters in 3.5 minutes after which the cloud thins out and the
obscuring length starts to shorten.

The 150-meter spacing between the number 2 and 5 aimpoints for
the four-round volley creates a larger separation for the corresponding
bursts. Results in Table 10 show that the accumulated hole size starts
off at about 100 meters in size at 30 seconds after impact and closes
almost completely in 4 minutes. Meanwhile, the effects of diffusion
causes the ends to thin out so that at 3 minutes after round impact a
shortening of the effective length occurs.

The six-round volley increases the effects of the four-round
volley by the addition of the two middle weapons of the battery. Since
the outer weapons are fired in both cases, a similar cloud length would
be expected but with a smaller accumulated hole size due to the filling
effect of weapons 3 and 4. Table 10 shows this to be the case, the hole
size being only a few meters in length throughout the cloud's time
history. The end point displacements, or distances covered by the screens,
are expected to be the same whether four or six guns are firing.
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The HC burst points are a continuous source of smoke until
burnout occurs at the end of 2 minutes. At this time the upwind edge
of the cloud starts to move downwind. No holes are indicated after
30 seconds of burn time. Since the four- and six-round volleys fire
the same outer weapons of the battery, 1ittle or no advantage is gained
by firing the six rounds for the 240 seconds indicated in the Table.

NOTE: Data used in calculating results for the HC agent have been
updated since this table was prepared and are included in
Section 3 of this report.

5. COMPARISON BETWEEN MODEL AND TEST RESULTS

Between September and November 1977, Dugway Proving Ground
personnel tested certain US inventory smoke munitions. These tests
were requested by AMSAA and funded by the Office of the Project
Manager for Smoke and Obscurants. Dugway's report on these tests is
given in Reference 3. These tests included most of the smoke munitions
listed in the JMEM/ME Smoke Manual in addition to burn time data for HE
munitions taken from wind tunnel tests. For these reasons they were used
as a basis for comparison with results obtained from the Smoke Effective
ness Manual Model. Table 11 is a summary of the munitions and the test
conditions from which data were selected for the comparative analysis.

5.1 Test Data.

In order to cover a wide range of volume of delivered smoke,
test data from single- and multi-round volleys of 155mm and 105mm WP
smoke projectiles were selected from Reference 3. The choice of WP
rather than HC munitions for comparison between test and predicted
results represents a more severe test of simulation due to the defini-
tive nature of the WP burst and the individual burst histories of trans-
port and diffusion which the model must consider. Table 12 includes
test data required by the model as input for simulating the test results.
These data are identified in the table which also lists computer instruc-
tions appropriate for handling this information. Finally, the table
includes input parameters that are functions of the input conditions.

The latter are given in Figures 5, 6, and 7 and are taken from
Reference 2.

5.2 Model Changes for Comparative Analysis.

A minor alteration of the WP program of the smoke model was
necessary to produce results for comparison with test data. This
change is shown in Appendix D Flow charts titled, Subroutine CALC,
Modification for Comparative Analysis. Essentially, this change
determines the value of concentration-length, CL, of the smoke cloud
along a fixed observer-to-target line-of-sight. These CL's are re-
corded versus time from burst.
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5.3 Comparisons Between Model and Test Results.

The WP portion of the smoke model was run using test data
obtained from the Smoke Inventory Tests, Reference 3. In order to get a
broad view of the model's predictive capabilities, the tests selected
for comparative analysis consisted of those employing one and three
rounds of 105mm WP M60A2 munitions and three and six rounds of 155mm WP
M110E2 munitions. Each group of rounds were statically fired simul-
taneously in a linear array parallel to the observer's line of sight.
In this way the smoke cloud passing the observer's LOS varied considerably
in concentration-length from test to test rather than in screen length.
A time history of smoke concentration was recorded as the cloud passed
the observer's LOS and a comparison of this quantity was made with the
corresponding predicted value obtained from the smoke model. Figure 8
shows the predicted and test results when the smoke from one round of
105mm WP is released and crosses the observers LOS. The concentration
length represents the mass of smoke occupying a volume one square meter
in cross section and extending along the observer's LOS. The dashed and
solid markers indicate the level of concentrations needed to defeat the
naked eye and an anti-tank guided missile (ATGM) sensor respectively.
The corresponding defeat level for night sight is above the concentration
levels shown. Comparisons between model and test results at the threshold
levels indicated is quite favorable. A characteristic of most test and
model comparisons is the tail-off of smoke that persists after the main
body of smoke has passed downwind. This effect is apparently caused by
the filler material containing solid chunks which do not form the initial
flash but continue to burn on contact with the ground. This effect does
not significantly degrade the fidelity of the model until larger volleys
of the larger 155mm munition are involved. In such cases, the model
gives conservative results. Figure 9 shows a similar presentation for
three rounds of 105mm WP. A favorable comparison between model and
test results is also apparent at the visual and ATGM thresholds. Here
again, the concentration level to defeat the night sight is not reached.
The threshold level for the night sight is finally exceeded with three
rounds of 155mm WP. This is shown in Figure 10 along with the visual
and ATGM threshold levels. The correlation is favorable, with the
model being a Tittle conservative at the lower concentrations due to the
tail-off. Figure 11 shows comparative results for 6 rounds of 155mm
WP. In this particular test the tail-off persists for a considerable
length of time after the maximum smoke concentration level has passed.

From the comparisons made to date between model and test re-
sults, it appears that the model predicts the duration of obscuration
for the three sensors quite well. Difficulties arise where the WP model
predicts higher peak values of CL's and shorter duration times at lower
CL's. Both effects are apparently due to some of the filler material
not being consumed in the initial burst and burning on the ground in the
manner of an HC munition. A model change has been prepared to correct
this deficiency. This change will be documented at a later date.
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APPENDIX A

DEFINITION OF SYMBOLS

The input quantities required to operate the smoke model are

listed and defined below.

ANG
CATTN

DL
DT

EFF
INSNAP

NRPV
NS
NSAMM

NSAMP

NT, MT

NVOL
QMUN
SNAP

THRES

The angle between the earth axis and the weapon axes system,
degrees.  (Taken as zero in the program listing).

The attenuation coefficient used in the Beer-Lambert Law.
Function of the smoke agent and transmitted wavelength.

Line increment, meters.

DT is the time between computer computations or steps,
seconds.

Defined in Section 3.3.2, Munition Fil1l Weight.

Time between printouts (SNAP) divided by time between
computations (DT).

The number .of rounds per volley to be fired.
The total number of computer time steps in the program.

The number of "holes" or see through locations within the
smoke screen.

Total number of replications for averaging results.

NT is the total number of times the cloud history is
examined, or looked at each time noted as MT, and separated
by SNAP seconds.

The number of volleys to be fired.

Defined in Section 3.2.3, Munition Fill Weight.

Time increment between printouts or "looks", i.e., between
MT and MT+1, seconds.

The percent of Tight Teaving the target which is required
to accomplish detection.

The wind velocity in meters per second.
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Ui g

Wvul,
wvuz2

Xo08,Y0B

YIDEAL(J
ZIDEAL(J)

XIDEALéJ;

b A

YIELD

a, B, O
OAR> OAD
9BR> ©OBD

Oxs»> Osy
Ozs

Time between volleys, seconds.

The direction cosines between the earth axes and the wind
axes.

The observer location in the earth axes system (usually
0,0) meters.

The aimpoints of all J rounds to be fired, measured
from the volley aimpoint or desired pattern center.
The location of the aimpoint for the volley in the
weapon axes system, meters.

Defined in Section 3.2.1.

The exponents defining the standard deviations of the
smoke cloud. Functions of temperature gradient.

The occasion-to-occasion aiming error in range and
deflection, meters.

The round-to-round precision error in range and de-
flection, meters.

The source sigmas, meters. Establish the initial size
of the smoke burst; a function of fill weight.
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APPENDIX B
DESCRIPTIONS OF SUBROUTINES FOR WP MUNITIONS

B.1 GENERAL

The subroutines for the WP program are described in this
Appendix using a combination of algebraic and FORTRAN notation. The
order of presentation is essentially that in which they are called for
in the MAIN listing. Flow charts for the WP program are in Appendix D.
B.2 WP PROGRAM, MAIN

The function of MAIN is to call sixteen subroutines which make
up the WP smoke model. In addition, the calculation of the threshold
value of smoke CL for a given visual aid is computed here in
accordance with the Beer-Lambert Law. Simply:

dI/dCL = CATTIN x I

TRANS = 1 - ATTN = I/I5 = exp (-CATTN * CL)

ATTN = 1 - exp (-CATTN x CL) (6)

where I/I, is the ratio of the transmitted to the incident radiation
intensity.

CATTN  is the extinction coefficient for the smoke agent.

TRANS, ATTN are the transmission and attenuation of radiation through
the smoke, respectivity.

B.3 SUBROUTINE STCL

Subroutine STCL calculates the virtual offset distances A, B,
C which are needed to define the initial burst sigmas to be used in
Subroutine FRMCLD. It also establishes the weight of smoke produced
from the selected smoke agent through the calculation of the quantity
FACTOR.
B.4 SUBROUTINE FRMCLD

Subroutine FRMCLD computes the sigma time histories for all
the bursts which make up the smoke cloud. The increase of these sigmas
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with time is the diffusion mechanism which creates the cloud growth. The
quantity FACT is the smoke density written in the form necessary for
inclusion in the gaussian formulation.

B.5 SUBROUTINE CLEAR

Subroutine CLEAR is employed to set to zero the initial values
of the statistical variables which are to be evaluated in Subroutine
VEVAL. This step forms part of the Monte Carlo averaging process to be
preformed in Subroutine CALPRT which follows VEVAL. The quantities to
be initially set to zero are:

Cloud length Ssi
Cloud length, squared SSLS
Left end of cloud SLY
Left end of cloud, squared SLYS
Right end of Cloud SRY
Right end of cloud, squared SRYS
Hole size SSH
Hole size, squared SSHS

B.6 SUBROUTINE MPLACE.

Subroutine MPLACE Tocates each burst or impact point of the
battery volley. The aiming and precision errors are computed and taken
from Subroutines NORAN. The sequence of burst placement is as follows:
For volley 1 at time Ty, weapon 1 fires round 1 at aimpoint 1; weapon 2
fires round 2 at aimpoint 2; and so on until all weapons have fired. For
volley 2 at time tp, the weapon firing is repeated. This sequence
continues until all volleys are fired. The volley number uses the index
I, the weapon or round number uses the index J. Each of the NSAMP
replications called in the MAIN program constitutes a different firing
occasion.

Figure 12 shows the development of the impact points dia-
gramatically. The weapon axes can be displaced from the reference earth
axes by an angle ANG. In the weapon axes system, the target is located
at point Xy, Y1, which is also the centroid of the volley aimpoints. On
one occasion, the centroid displacement due to the aiming error is
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determined by Subroutine NORAN and located at position XCA, YCA. The
impacts of each of the volley rounds are displaced from XCA, YCA by
their aimpoint shifts and by their individual precision errors. The
latter is also determined by Subroutine NORAN. The final locations of
each round is XBA(1), YBA(1); XBA(2), YBA(2); etc. Normally ZBA is
zero. The time each volley is delivered is given by

BRSTTM = (I-1) * VT
where I is the volley number and VT the time between volleys.

The weapon axes, which define the line of fire, are usually selected
coincident with the earth axes in which case ANG is zero as in Figure
12.

B.7 SUBROUTINE NORAN

Subroutine NORAN determines the aiming error for each occasion
or program replication and the precision error for each round delivered.

B.8 SUBROUTINE COMBST

Subroutine COMBST transforms the impact or burst points
XBA(I), YBA(I) computed in subroutine MPLACE into the wind coordinate
system with an origin coincident with that of the earth fixed system and
an X-axis in the wind direction. In this subroutine the index I covers
all rounds fired, WVU1 and WVU2 are the direction cosines between axes.
The choice of wind axes is made to facilitate the integration of smoke
densities along selected lines of sight in Subroutine LCON.

B.9 SUBROUTINE TIME

Subroutine TIME is executed at each successive period MT,
selected in MAIN, for a total of NT periods. At each period, the
quantity AGE represents the age of all volleys or bursts in the program.
The function MUNGRP is the chronological order of these volleys of
bursts and is used as an index for identifying successive values of
burst sigmas. The location of each burst at period MT is calculated
in the earth axes system and given as XCENT(I), YCENT(I), where the
index I is the burst number. XCENTP(I) is the location of the burst
point in the wind axes system. Finally, the maximum component oxp(I),
Iya(I) of each burst after resolution into the wind axes system
is calculated for each program time interval, MUNGRP.
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B.10 SUBROUTINE SIZE

Subroutine SIZE establishes the boundaries of a rectangle, in
the earth axes system, which encloses all bursts to be delivered. The
rectangle dimensions are determined by examining the t4oyp and 140Y
values of these bursts and selecting maximum values. This rectangu$ar
area serves as an exploratory region for determining smoke concentrations,
(see Figure 3).

B.11 SUBROUTINE MXMIN

Subroutine MXMIN determines a set of lateral limits yj, y2,
which are used for establishing the array of observer "look" lines in
Subroutine CALC. These "Took" lines pass through the *30xs coordinates
of the extreme bursts of the cloud. Since the slope of these "look"
lines is needed, the lateral points yj, y2, are calculated at a selected
distance YTLINE downrange in the earth axes system.

B.12 SUBROUTINE MATCON

Subroutine MATCON takes the t4¢ dimensions of the smoke
rectangle from Subroutine SIZE and determines a 40 X 40 array of x-y
coordinates within these limits. These coordinates are then resolved
into the wind axes system. By calling Subroutine DENSTY, the concen-
tration of smoke in milligrams per cubic meter at each coordinate is
computed. This concentration is designated by the symbol CONMAT(I, J)
which is the same as CON used in subroutine DENSTY.

B.13 SUBROUTINE DENSTY

Subroutine DENSTY determines the total concentration of ob-
scurant in milligrams per cubic meter due to all bursts at each of the
40 x 40 array of points calculated in Subroutine MATCOM. The Mass
concentration at each point is calculated by the expression given in
Equation (2.3). The transport of the cloud is determined by the expression

X = XP -XCENTP

where XCENTP is the burst's centroid location measured in the wind axes
system and obtained from Subroutine TIME. XP, YP, and ZP refer to the
array of points obtained from Subroutine MATCON. No transport is de-
veloped in the YCENTP and ZCENTP directions which are normal to the wind
velocity.

B.14 SUBROUTINE MATCL

Subroutine MATCL is a supplementary procedure for examining
the concentration of smoke agent along numerous lines of sight passing
through the exploratory rectangular area established in Subroutine SIZE.
Two functions are performed in this Subroutine, they are:
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a. Along the Tower boundary of the rectangle, 40 points are
selected each of which will be used as the source of a family of "look"
Tines extending to all of the 40 points on the upper boundary.

b. The source coordinates of each Tine and the Tine's direc-
tion cosines are transformed from the earth axes to the wind axes.
After this, Subroutine LCON is called to determine the integrated concen-
tration of the obscurant along each line. This is noted as CONLIN (I,J)
in milligrams per square meter.

B.15 SUBROUTINE LCON

Subroutine LCON integrates the mass of obscurants along each
"Took" Tine, through the gaussian density distributions of each burst
for each time period M. The "look" lines are determined in Subroutine
MATCL. Mass concentrations along specific "look" Tines originating from
a fixed observer position and determined in Subroutine CALC also employ
LCON. The Tine concentration is given in milligrams per square meter
and is computed in accordance with the following equation:

NBURST
- QAR 1 1 x+S*Dx-xcent5
O = ) eI & 2R 2[( 5 (1)
'I X y 4 X

2 2
y+S*Dy-ycent z+S*Dz-zB ]
* ( oy(I) * ( o_(1I )

where DX, DY and DZ are direction cosines and A and S are functions of
the burst centroid location and its standard deviations and are defined
in the program listing. Wind axes are used.

B.16 SUBROUTINE CALC

Subroutine CALC determines the visibility through all parts of
the smoke cloud from an observer location XOBS, YOBS. Lines of sight
are selected to various points incrementally spaced a distance ZINC
apart and located at a distance YTLINE from the observer. Along each
line, the mass of smoke agent is computed by calling Subroutine LCON.
Each Tine of sight which permits observation through the cloud contributes
a length of XINC to a "hole" size in that cloud. The total length of
the cloud is defined as the distance between the extreme point through
which obscurance first occurs and Tast occurs. Figure 13 shows the
construction of the observer-cloud geometry treated in Subroutine CALC.
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FIGURE 13 - ANALYSIS GEOMETRY AS USED IN
SUBROUTING CALC
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B.17 SUBROUTINE VEVAL

Subroutine VEVAL computes the left and right extremes of the
obscuring screen LY, RY; the screen length, SLY; and the accumulated
hole size, SH across the screen. In preparation for statistical averaging,
the summation of the square of these quantities is determined for specific
periods MT for each replication of the program KI. The initialization
of these quantities has already been established in Subroutine CLEAR.
The quantity NSAMM, which defines the number of times no screen is
detected, is also calculated.

B.18 SUBROUTINE CALPRT
Subroutine CALPRT sums up the main results of the program by
averaging the screen length, SSL; "hole" size, SSH; and the left and

right coordinates of the cloud, SLY and SRY respectively, at each
specific period MT for a total of KI replications of the program.
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APPENDIX C
DESCRIPTION OF SUBROUTINES FOR HC MUNITIONS
C.1 GENERAL

The subroutine for HC munitions are similar to those for WP
munitions. There are two significant differences. First, the HC smoke
cloud is defined as a series of small periodic bursts or puffs origina-
ting at the point of the munition's impact. The number of bursts and
the elapsed time between them is defined as NPUFTL and TINCR respec-
tively. Representative values for these quantities used in the past are
120 bursts at 1 second intervals. Secondly, for those cases where the
munition contains a number of submunitions, the latter are dispersed
radially in accordance with a selected non-linear distribution and
dispersed directionally according to a uniform distribution. Flow charts
for the HC program are given in Appendix D.

C.2 HC PROGRAM, MAIN

MAIN HC contains essentially the same subroutines as MAIN WP.
These similarities include provisions for calculating the concentration
Tength thresholds for various sensors (NDEVIC) so that more than one
device can be handled in one run. Also the earth fixed axes is assumed
to be aligned along the Tine of fire of the delivery weapon thereby
eliminating the weapon axes system.

C.3 SUBROUTINE STCL

This subroutine is also similar to that of the WP program
except that the fill weight per puff, rather than fill weight per muni-
tion, is considered. Also the time between puffs, TINCR, is identified.

C.4 SUBROUTINE CLEAR

As in the corresponding WP subroutine, CLEAR sets initial
values of statistical variables to zero.

C.5 SUBROUTINE MPLACE

In addition to placing the munitions in accordance with firing
accuracy, the HC subroutine also places the submunitions in accordance
with the radial and directional distribution of these quantities. This
subroutine calls NORAN and MUNDSP to identify all errors.
C.6 SUBROUTINE NORAN

As in the WP program, NORAN determines the aiming error and
precision errors of each round delivered.
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C.7 SUBROUTINE MUNDSP

Scatterable submunitions contained in certain projectiles are
placed in accordance with radial and directional distribution functions.
As already stated, Subroutine MUNDSP determines these locations using a
nonlinear and uniform distribution respectively. These displacements
are used in Subroutine MPLACE along with the aiming and precision errors
from Subroutine NORAN to define the impact points for all submunitions.

C.8 SUBROUTINE CONBST

This subroutine is identical to that of the WP program. The
impact points of the submunitions are transformed from the earth axes to
the wind axes system.

C.9 SUBROUTINE TIME

Subroutine TIME for HC munitions has been expanded over the
corresponding Subroutine for WP smoke. As before, the displacement and
diffusion of the puffs are computed as a function of time. In addition,
the location and size of the first and last puff of each submunitions
are determined in order to define the extremeties of the cloud in
Subroutine SIZE.

C.10 SUBROUTINE CON

Subroutine CON, the location of the first and last puff from
subroutine TIME are transformed to the earth axes system.

C.11 SUBROUTINE SIZE

Subroutine SIZE establishes the boundaries of an exploratory
rectangle in the wind axis system. The rectangle is determined by the
*40 values of the extreme puffs considering all of the submunitions of
the delivered load.

C.12 SUBROUTINE MXMIN

As in the corresponding subroutine for WP smoke, this program
determines the Tateral 1imits, now called XMIN and XMAX, used for
establishing an array of observer Took lines. These "look" lines are
bounded by the *40 coordinates of the extreme puffs determined from
Subroutine SIZE. These lateral limits are calculated using their slopes
to the origin, RATMN and RATMX.

C.13 SUBROUTINE MATCON

This Subroutine is identical to that for WP smoke. A 40 x 40
array of x-y coordinates are located within the 1imits of the exploratory
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rectangle taken from Subroutine SIZE. These points are then resolved
into the wind axes system. By calling Subroutine DENSTY, the concen-
tration of smoke in milligrams per cubic meter at each coordinate is

computed and noted by the symbol CONMAT.

C.14 SUBROUTINE DENSTY

DENSTY calculates the displacement of any point, XP, YP, ZP in
the wind axes system from the munition burst points. DENSTY then calls
Subroutine DENM to determine the density of smoke at each of the desired
points due to the individual effects of all puffs in the field.

C.15 SUBROUTINE DENM

The integration of the individual densities of all puffs in
the field is performed by Subroutine DENM at the points of interest.
The densities of all puffs at all points are computed in Subroutine
DENPF.

C.16 SUBROUTINE DENPF

The density of smoke at any point x, y, z for each puff of
each submunition is calculated by this subroutine.

C.17 SUBROUTINE MATCL

This subroutine is identical to the corresponding subroutine
for the WP program. MATCL is a supplementary procedure for examining
concentration of smoke agent along numerous lines of sight passing
through the exploratory rectangular area established in Subroutine SIZE.
Two functions are performed in this Subroutine, they are:

a. Along the Tower boundary of the rectangle, 40 points are
selected each of which will be used as the source of a family of "Took"
lines extending to all of the 40 points on the upper boundary.

b. The source coordinates of each 1ine and the line's direc-
tion cosines are transformed from the earth axes to the wind axes. After
this, Subroutine LCON is called to determine the integrated concentra-
tion of the obscurant along each Tine. This is noted as CONLIN (I,J) in
milligrams per square meter.

C.18 SUBROUTINE LCON

LCON computes the displacement of the exploratory point x, y,
z (called POX, POY, POZ) from the submunition burst point. Using this
information and the slope of the LOS from the observer to that point,
integration of all smoke densities along the designated line is per-
formed by calling Subroutine LCONM. The concentration along the LOS is
called TOTLNC in these Subroutines.
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C.19 SUBROUTINE LCONM

Subroutine LCONM integrates through the puffs of each sub-
munition or burst along the LOS defined by a point (P0X, POY, POZ)
and the slope through that point to the observers position. LCONM
calls Subroutine LCONPF for supplementary calculations in carrying out
the integration.

C.20 SUBROUTINE LCONPF

The total mass of smoke along the observer's L0S is determined
by integrating through the Gaussian trivariate distribution of each puff
in turn. LCONPF performs supplementary calculations for use in Subroutine
LCONM.

C.21 SUBROUTINE CALC

Subroutine CALC for the HC program is identical to that for the

WP program. CALC determines the visibility through all parts of the
smoke cloud from an observer location XOBS, YOBS. Lines of sight are
selected to various points incrementally spaced a distance XINC apart
and located at a distance YTLINE from the observer. Along each line,
the mass of smoke agent is computed by calling Subroutine LCON. Each
line of sight which permits observation through the cloud contributes a
length XINC to a "hole" size in that cloud. The total length of the
cloud is defined as the distance between the extreme points through
which obscurance first occurs and Tast occurs. Figure 13 shows the
construction of the observer-cloud geometry treated in Subroutine CALC.

C.22 SUBROUTINE ENDPTS

ENDPTS compiles statistical information on the left and right
extremes (+40 values) of the exploratory rectangle defined in Sub-
routine SIZE. This information is used in Subroutine CALPRT to deter-
mine the average location and standard deviation of the upward and down-
wind boundaries of this rectangle at each time the smoke screen is ex-
amined (SNAP time). This information was meant for future use of the
program and contributes Tittle to any results as it is presently listed.

C.23 SUBROUTINE VEVAL

Subroutine VEVAL for the HC program is identical to that for
the WP program. This subroutine computes the left and right extremes of
the obscuring screen LY, RY; the screen length, SLY; and the accumulated
hole size, SH across the screen. In preparation for statistical averaging,
the summation of the square of these quantities is determined for specific
periods Ml for each replication of the program, KI. The initial quantities
have already been established in Subroutine CLEAR. The quantity NSAMM,
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which defines the number of times no screen is detected, is also calcu-
lated and used in adjusting statistical computations in Subroutine CALPRT.

C.24 SUBROUTINE CALPRT

The main results of the program are given in CALPRT. These
are obtained by averaging the screen length, SSL; "hole" size, SSH; and
the Teft and right coordinates of the cloud, SLY and SRY respectively,
at each specific period M for a total of KI replications of the pro-
gram. In addition, CALPRT uses information from Subroutine ENDPTS to
determine the probablelocations of the exploratory rectangle established
in Subroutine SIZE.
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MODEL FLOW CHARTS
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MAIN WP

CALL STCL (RMUW, YIELD, EFF, Gy Syy , G, &, B

CLTHRES= ALOG (|- THRES) /(- CATTN)

ANG = ANy
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s SHAR/
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CUTOFR =
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caLL CLEAR (DL)

“ Do 28 Kl= |, NSAMW®

CALL MPLACE (wvei, vRPY, VT, XT,YT)
CALL CONGBST.

Do 1100 MT 2] , NT

|

l

!

| CALLTIME (MT1,0) :

l CALL S12ZF ( xtow, xuwu, Yiaw, yiigw)

: CALL MXHIN (YTUINE, XMIN, xrax ).

| Can, MaTCaoNn (i-, XLOW ,KHIGH ,YLow, YHIGH)
: CatL MATCL (3, xLow, xuicH, Yoss, ysLing)
l

|

]

i

l

Catl CALC ( xoBs, YoBS, &, YTLINE, xMis,
X MAN, CATTM,CLTRES)

CaLL VEVAL (m1)

CALL CALPRT (Nsamp, T, SWAP, HVOL VT)
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Svapovrma FEMELDO (wr, oT NvoL, ¥s )

Do /99 Ial, ~ - — — — — =

T = orw(r-i)

1= (T. 6F.0),6o 10 150

Cx(T) = ~ho
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|
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l
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|
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l
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Svarovrive CLEAR (o)

Oo 800 L =1,100 & ==

LEM () DL T

Do 11o T =21, 50 —_—_———

AMSammlr) =0

ssLll) = o

SSLs (1) = o

sLyY (L) =0

l

sLys(r) =0

SRY (L) =o

sSRys(zr) =0

Do (o k=1, /00 =~ — =

osL(r,k) =o

|

SSH(IL) =0

ssus(r) =0




Swszaurmr MPLACE /Nvol- JMRPY , VT, XT, 77')

Cavr, Nonaﬂ(m,ﬁg, 4D, 0%,

xca = XT +aD lCoS(AL‘JG) ~aRk * sid(ang)

Yea = YT +oD x s/d(ANG) FaR #cos(ave)

I

Do 2T=21,~NVvolL [+ ——— —— — = — — —

I

BRSTTH =(L-1)s VT

[

Do t,T=|,NRPY ‘——————h—l

[

/1 E (,QAM:(AU,’:).G‘)’.’KFL ) Go To |

CaLe NORAN (ar', Cae ,aD’, G—én)

‘XCRD = XCA + ( XI(3) +aD) xcos (ang) = ( YILI) + a R) x 510 (ang)

YyeaD 2 Yea +(XI(3) +aD )i siu Geg) + (YI(3) + aR )+ cos(Anve)

Mups/o 2 (T-1) rNRPV + T

XBA(MunuNo) = XCRD
" YBA(Huwmo)r YCRD
#BA(HUMHD) 2 o
TBA( Hunne) = BRSTTH

RET RN




 Svarovrime NORAN (R, Ga ,D ,GB)

0

X = RANF (Oum)

1 (x¥.LF.0) Go Te /

4 = [-2.0 *ALoG (x) ] £

B2 2r y gANE (Dur)

1R = Axay wsiv(B)
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Svercvrine CONBST

NEBURST = WABRSTA

0o js0 L/, NORSTA [ — — — cm e — =

. XB(L) = wvul ¥ XBA(L)-+ WVUZ = YRA (3)
YB(L) = ~ wWvul s XBA(E) +WvU| »YBA(L)
368(r) = 2BA(L)

~TR(r). = TBA(X)

vyeenTPLL) = YBRLTL),
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Sugroutive. TIME ( mr u)

Dot Is ), NBURST | = = = — — — = — — — — —

H

AGE = (Mm7-1) x vswap pr - TB(L)

MUNGRP = AGE for +|

JAGE (r) = MUNGRP

te (MuNGPR .LE.O) Go To (©

XCeNT (L). = XBA(L)] + U2 wvU)| » AGE

Yeemr (L) = YBA(L) + U #WVUL*AGE
XCENTP (L) = XB(IT) + Ux AGE

Txa(T) =.Anax) (ABS (Cx(MUnGRA) * wVUI), ABS (6 (MUNGRP)x WVUL))

GyalL) =.AMAKI(ABS (6% (HunGRRI* WVUZ) ABS (T (MUUGRP)xwWVUL)
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Sveeovrme SIZE (xui, xu, viL, yui)

-

XLL = /2s0¢

xuL = =/» f0¢

. yLe= txw0f
yurs -»10°

Oo 89 Hud-/,uansroq = =

T

MUNGRP » [AGE (mos)

l

15 (munigar . LE.C) Go T® 99

]

TEST s XCEUT(MUn) = Y03 GCua (Nuv) | -

1

IE (resr LF. xLL) XtLaTeEsT

I

TEST 2 xcewT(mun) +4.0x Ca (Mun)

l

IF(Tesr .87 . XuL) Xxul = TEST

|

TEST 3 YeoNT(HUN) = 4,02 Cya (MUNM)

i

JE(TEST. LT YLL) YL TEST

[
FEST YEGNT(MUN) + 4.0 ¢ Cya (HUN)
ial

IE(TEST . §T. YUL) YUL=TEST

——  r  ommm  emmm wme  amr amew s mmm v o o ot e Gt o— — ow— an— —
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Susroutive MXMHIN (D, vi,vz)

RATMx = -/ 0E+/0
PATMN = Lok *flo

00t L], NARSTA g — o — e — — —

M TAGE (I)

tF (Ar.t6.0) Go TO 2

IF (YcenT(T).€Q.0.0) GO TO |

RATL = (xcEnT (1) ~3.4 G5(M) ) /ycenT(r)

IF (BATL , LT. RATMN) RATHN = RATL

.?ATN 2 (XeENTLT) + 3.+ 0, (M) /YeenT(T)

I (RATI .GT. RATNX) RATHY » RATN

Yl = Dx RATMN
Y2 D RATMHY

| RETURN I

66



Svasovrive MATCON (2, xiow, XHIGH_, Yrow, YHIGRH)

xcopo (L) = (D/“’ (XRIGH - xLow ) + xLow

Do lleo Tz 1,40 |[=—— — 7
) |

|

|

|

|

Do2wee Tz, 4w jp————m—— — ]

Do 3400 J» 40 for— — — — — — —

WVUIl ¥ XCorD (L) + WvU2 » YcorD(T)

P
1]

y = -wvuz 1 xcorp () + wvul x Ycoro(T)

CarL DEnsty (XY, 3,¢onN)

Conmat (1,T)= CoN

RE TURN
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Svarovrive DENSTY (xp, YP, 2P, Con )

CoN=0

Oo 399 MuM = |, NBURST -

MUNGRP =TAGE(MUN)

1E(MUAGRPLE. O) Go T Yoo

X = XP = XCEWTP

YP - YCENTP

ZP -.EB(HUN)

&
CoNN_= {-.5 [( o—__j‘;;ﬁgp))

L A
* <ﬂ",(:uncn;5) -2-. %
T )]

IF(con.LE: —25.) Go T® 3T}

CoN = Con + FACTT (MUNGRP) » EXP (Com)

eErvasl
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Y! = Yiow - @

px s (x2(T) -xi(r)) /ot
Y2 = YHIGH .
Dz PY = (vy2a-Yi)/pusr
s 0
y » =wvurx X|{(Z)r wvulzrylow

X1(T) = (ri_;) » (x1w - Xtow ) + xLow

i) By It (NS Je=SaaseTy X = WVUl & XI(L) + wVU2 * Yiow
|
|
]

DXP 3 wyul £ DX + wVU2# DY

— —— —— — —— —— — — —— — —— — — — — — — — —

_____ -
. DYP = —~wvu2x DX +wvul=DY
Pe Fadvigta [P == T CaLt Leon (X, ¥, &, DPX, DPY,D2,CoN)
|
I
x2(1) =(I‘-‘;;) X (XHIGH = XLOW) + XLOW | ConLINCL T = Con
|
|
Do 2¢€00 I=l,%40 —— e —— = —

Do 2%e0 J=z1,90 —— . —

Disy = [C x2(1) - xt(l))‘af( Ya-vi1) ]t




Svaeovrwe CaLC (XOBS, YoBS, 2, YTLING, XMIN, XIAX ; CATTN, CzTﬁRs)

XL 2AHax) (CUToFL, XN

XR.=AHINI (CUTOFR, x MAX) DXP = WVUI®DX + Wvuz»DY

DYP = = WVUZ #DX + wVUla»OY

IXLEPT = 1nT( (XL= CuToRL)/xiNne)+!

1X REGNT 2 ,mr((xra‘—curom.)/x,“c_)‘,, CaLL LcoN (xoes, vo8s, 2,

DXP, DY P, D2, ToTLNC )

Do 31 IP= IXLEFT, IXRGHT - — — —

1E(Torese .GE, cL.THRS) Go To 33

¥

DX = DX /Vmag
DY = DY/VHAG
DR = D /VHAG

|
}
|
X = XINC * FloaT(1P-1) + CUTORL | v{(tP) = o (se€ Tweu) ,
| |
' |
| - -~ Go To 3i
Dx = X = XORS l l
DY = YTLINE -~ vois , I
02 = o 33 I
it =1 =Y l ,
vhag = [ Bx"+ oY e 52" ]
l l
| I
- ' V(IP) = po (o8sc.) |
] l
|

———— e

BETQRH
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Sugeourme LCON ( Pox, poy, Pos ,ox. 0y, o2, Torine)

ToTlwNC = O

I

Do 399 N ai, NBURST

I

IL:IAGE (M)
1
IE(L.LF.O) Go Te #o0o

[

1E(Ge(L) .LE. 0) Go 7> 399

I

Az (0x /TR + (DY/Ge)) s (D2 /a3 ()™
1
B2 px & (Pox -xcentP(n/C, m?
_+ DY (Poy - Ycru'rP(N)/d',(r.)l_
_+D#a(Pez - 2B(N) /G5 (TY

S=- B/A

PMY = Loy » S2DY
PME » Pog + 3202

¢ =( (pmx-xcarrpPn))/Ix (r)):_
¢ ((PHY=YcENTP(n)) /Gy (T))
o+ ((Prz=28W)) /G D

ce= (~-Sxc)

|

tF (cc . LE. =25) Go T® 399

FacLin s FACTT(L) »(3m)% x Exp(cc) / A%

|

TOTLAC = FACLIN +TOTLANC

I
I
I
I
I
|
I
I
|
I
I
I
I
I
l
I
I
PMX = PoX + S»DX |
I
I
I
|
I
I
I
I
I
|
|
l
|
|
|
I
|
I
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Sveeovrine VEVAL (1)

LY =0
RY =0
SKH *O
"SL =0

IE(IXRGHT - IXLEFT . LE.Q) GO To 9

Do 10 ZxIxl@FT y TXRGHT (& — — — —

IF{\L).EQ@.0) Go To lo

[2 Lag
LY = XINC #FLOAT (L-1) + cuTOFL | v 0F

|

!

!

|

|

|

Lass |

sanﬂl'

KaT '

‘ |

|

Go To IS |

' [

|

(- -mm -
GO T™® 40

Do o J=ik, rxtzc»‘rJ‘._ - ———— -

1F(v).€Q.0) Go T™ 20

Ik wT
L X1

RY = xing s FLoaT (3-1) + cuToFRL scacwn,
SANE SArPLE

H=T

O
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_SaRourivge VEVAL (cowT.)

5 ' rerac

sL= ‘y -Ly scaegs
Levarn,

ONE sAmm e

IE(SL . &R.0) Go T O

SSLCII )= sshtl‘] + st £ (.‘tcclm \.'uqvus)

ssLs (1) = sSLS(Tt) +SLesSL

SLY(T1) = sLY(T1) + LY | $(eeT owo oF scaeru)

SLYS(T1)=stys (i)« LyaLy

SgY<II) = SRY (II)# RY i(l;ijcuoopxu:u)

SRYs (Lt) ~SRYS (1) = RY» RY

Do 3¢ Fa kg, Mie— = = = — —

E(v(r).2Q.10) 4o 7o 20

S = S+ XINE | serveey
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Svarevrive NEVAL (conT.)

3o

SSH(Lt) = SSHCTI) + SH | § (roesias)

i

ssws (Ti) = ssus(Tt) + SH & SH

Go TO £D

Nsarm (Z1) = dSAMM(IL) +(

Do ¢o X =y, 00 —_—_———

I (SL.aE, LENCT)) Go T (o

DsL I L) = osL(,I) + .o

&4C To Ta

ReTurRwd

NSAMM (D) > NSAMM (FL) +)
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Svarovrive CALPRT (wsamB NT, swarp AVaL, Vr-)

Do s20 I=2), NT

NSArMPI * (5anP - #3AMM (L)

I1E (Wsmrm P, LE. |) Go 7O $IS

SLYs ()= [(sws (1) - SLY(LY /NSAMP|) /(Nsamer -/)]“
srys(z)y=[(srYs (L)~ - sry (1)/NsAn®|)/ (usarr - /JJ
SsHs(T)* [(ssns(T)- ;sa(:)/wsanr|)/~sm—1m-/)_]"‘
SLY(T) = SLY(T)/wvsanam/

SRY (Z) *SRY (z)/Nsarnp/.

SsH (L) =ssH (T)/n3anm

sscs(E)= [(ss:..s(.t) ss:.(n)/MSAHP)/(usnnp—/)]‘

G, LEFT ¢ooro,
O, &T, cocao,
&, Mol& 12 &
AVE. LEFT cooq,

AVE, RT. cooro,

AvE E(howr srae)

9, Scearu LM,

ssL(I)= ssu(L) /NSAnP AVE SCAREN _LTH.

Do $30 L=/, M

SrimE = (2-1) xsvap
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Svaeovrinve CALC

NMOLIISICRT/ION Ao COMPARATIVE AMNALYSIS

L

CaLL LcoN (xe6s, vo8s, &
CxP, PYR, OZ, TeTLNC) |

HINC =z £ xiINc

IF(ABS(x) .QE. HINC) Go To 24

HOTLNG = TaTLNC

|

(=)

Do 29 IRz, NOEVIC
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MAIN

READ

U' q'l B dAgl &D
WVUIL wyua REL
Yiewn RDIsp
QMU YTling
Guewnr CUTOFL
NDEV'C CUTOER
CATTR UR) XT, YT
THRES (IR) XINC

NRPEV, nmPe 2

x1DEaL(T) Cxs
YIDEAL(J) Cys
2IDEAL(T) Sas
NsamPp Xogs, Yoas
NvoL ¥SLINE
NT, DT, DL

VT, SnaPp

Tae , O8o

CALL STCL (Qnuu , YIELD, BLanT, o, 3, U)

Doisg I =1,NDEVIC

CLTHRS(I) = ALog (I- THR EI(T))/(-CATTN(T))

NBRSTA = NvOoLE NRPY ¥ NMPR

CaLL cLear (bv)

DO looco K1=1,NSAMP

CarLL CONBST.

Cact MPLACE (NvoL, WRPV, NMPR VT, T, YT)

e

HcC

o

|
|
|
|
|
l
|
|
l
l
|
|
|
|
|
|
|
|
|
l
|
l
|
|
|
l
|
|
|
|
|
l
|
|
|
1
|

.

Do 399 IT=1, NT

T = FLoAT (IT) ¥ SNAP

CaALL TIME (1)

CALL ConN

CALL SIZE (XLow, XHIGH, YLow, YHIGH )
CALL MXMIN ( YTLINE, XMIN, XMAX)
CALL MATCON (2, xLow,XHIGH, YLow, YHIGH)
CALL MATCL (2, xLow, XHIGH, Yoas, YSLINE)
AU A (s>,

CALL ENDPTS(XMIN, xHAX,TT)

M Do 299 1er =1, NDEVIC

CaLL VEVAL (IT, TR)

L_..___A_._—- — = |aoo

|

CatL CALPRT (

NSANM AT, SNAP
nvéL, VT, NOEVIE )

sTop

END
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Sunrourine STCL (@mus, views, grine %, 8, “P)

_NPUFTL = 120
PURT = FLoAT(NPUFTL)

WHOSPD = UP

Y.
Al = loo g’.’.‘.)
-/
Y.
Bl = oo ( gl& -
Tar/,
L = 20 Sas )/@
.38
- |
cTOoR = /3 N Py
EAacT G FRHU YieLD ¢ e

Tiveg = BTIME/PUrT

I R;Tuw.nl
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Svamovrve CLEAR (o)

l Do 8o0 ::\,loo_J‘—_l
! I I

LEN(L) =OLx |
V-

-

Do jao I'= /, §O -——
|
mMix(r) o

]
I ExTal(l) -0
|
EXTXLS(L) = O
|
| #xTxrlz) =0
|
ExTXxR3(T) s 0
1 ,
Oo /o IR s/, 3 niadiaste |
i
NSamm (T, Ia)s0
L
S (ZIR) =0
1
ssLs(z,18) =0
1
I SLY(T,IR) = O
1
SLYS(T,TR) =0
]
SRY(I,IR) =0
1

sAysS (L, ra)=o
1

[ Do /08 K21, ch""‘l

1 |

DsLlr,ra,K) =&

ss u(t,1n) =0
]
ssrns(T,IR) r0

ot vt mm o i e D emie T i e v - — o — - ——— o oo - D d—— i —— —— — —— S e - —— — S w—— — e ——



Svareurine MPLACE (nvor, nrev, nmrR, vr, xr,yr)

CaLL NORAN (R ,Gaa E,Gan)

Xca= XT+E
YCa = YT+ R,

Oo 22 IT=/, MNVOL _— e ——— e —

|

BRSTTM =(I-1)aVT

Do3o T=1, NRPY (& — — — —— — —

IF(RanF(Ovr).GT. REL) GO TO 30

Care NORAN (R, Gag, E,Gap)

XCRD = XCA + XIDEAL(I)+E

- | verD = Yea* viDraLlT)+ R

D6 28 K=, NMPR|e— — —~ — —

MUMKO = (L=1) x NRPV 2 MMPR 4 (T=1) 6 NMPR +K

CALL MUNDSP (ROISP, XMUN, YMUN)

YB({MunnNO) = YCRD+ YMUN
2B {MUNNQ) = O
TR(MuUNNOG) = BRSTTM

a
|
|
|
|
|
I
|

Hoa XB(MuNNO) = XCRO+ XMUN [
|
|
!
I

-



Sussourive NORAN (R Ga,D,G5)

i
X 2 RANFE (Dum)

IE(x.LE.0) Go T |

A = [— 2.0+ ALog(x) ] A

R =A%y rs(R)
D= At Gprcos(B)

Reruan
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Susrevrive MunosP (&, xmun, yrun)

RS = [ﬂauﬁ.(aUM)J'/"x- R

THETA = 2 x RANF (DUM)

XMUN = RS * cos(THETA)

YMuN = RS * S (THETA)

|ﬁeruau ]
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Svarocurme CONBST

NMBURST = NBRST A

Do /60 L= 1, NORSTA |4 — = — — —

XB(1) =. wvul * xBA(L) + wvuz » YBA(L)
Y.B(E) = ~wVU 22 XBA(T) + wvul 2 yBA(L)

2B(L * zBA@E)
T8(I) = TeA(L)

I RETURN l
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Suvarevrive TIME (71)

PaG & = - /000

MUNGRP = O ]

AGE = T=-T8(rMun)

IF(AGE -NE. PAGE ) Go To /5D

IAGE o) = MUNGRP

Qo To ,zo’_r

MONEGRD = MUNERP +I

Iage(Mun) = MUNGRP

PaaeE = AGE

TW = AGE-TINCR £ FLOAT (I-1)

IF(TW.LE,0) Go To s00

xcenT (Mun6re, L) = whosPp ¥ TW
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Sverourine TIME (courivuen)

[ &
T (runarP, 1) = 3.4) [wN pSPOATW + Al 1
/00

dy(HUuGRP,I) S RlaN IWNDSPD e T + Bl

/00

Gp(HunaRe, I) = £ [vmo s PD n-n.uq ] @

FACTT(MUNGRR,T ) =
FAcTOL/(G;(MUMRP, T) % Gy (Huwgar, D G‘;(Huugpp) I))

| NPuEE(MunGRP) = /2o

Ggo T 2/0

200

NPUFF (tongen Y= L-|

IE (NPun:(nu;vc,nP). LF.0) Go To 230

NPM = NMPUEE(MusGRP)
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Svaeovrme T/ME (comtinusn)

FLacx (MUN) = XCENT (MUNGRP, 1) + XB(MuN)

Lrocy(mun) = YBLMUA)
Floc 3 (Mun) = 2B {MON)

FSizx(muns) = Crx(MUnGRP, L)
FSIZ2Y(MuN) = 0—7 (Mungep, 1)
Fsr22(MuN) = G (HUNGRP, I)

NLoex (rmun) = XCENT (HUMERP, /upn) + XBCMua)

neoey (Muw) s Y& (Mun)
Neocr(run)=2B(HUN)

Nsiax (Mun)
ws12y(Hon)

Cx (MuNGRP, NPM)
gy (Munaee, pPr)

N31z2 (HUN) = Ty (HUVGRA, PPH)

go T© 2%9

o

L NPUFE(MUNGRP) =2 O
BLocx (MoaAJ) = O
FLloceyl™Mua) = o
FLoc.g(MUN) = Q
FSrgxlmuN) = o
FSIaY (MMUN) = &

FSizglmuM) = o
Nocx(rua) = o
ALocylMun) . = &
MLocFMuN) = o
| _AStaxdiron) = .a..
astyCiton) = o
nsrz3lium) =o




 Svsrovrine Con

Do too I al,NGURST

MLOCXA(I) 3 Wvul & MLOCX (2) - wyuat MioeY (D
NLoCYA (L) = wvua ¥ Mioex(T) +wvuld yLoey (L)

NLoGTA(T) = ~tocE (T)

ANSIZXA (L) = NSIgX(T)
_NSIZyA D) » Nsiay (L)
NS123A(T) » #S123(3)

FLOCXA(L) = wvol g Flecx (L) —wvu2 % FroeY (1)
Flocya(L) 3. wvua % Ftoex(I) + wvuik Frocy (I)

Floczall) = Fioca(F)

FSIEXA(T) = FS/7XLL)
Fs12yA(L) 2F513Y (1)

Fsi224 (L) = Fsi1aa(T) |
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Svarourwe SIZE ( xtow, XwiGH, yiow, ynisH )

Xtow = /#10°

XHIGH = ~1#70°
Yiow » 1e10
YHIGH = —/» 108

Do /0 Is/,NBUARST |t o ——

TEST = peroex (L) -4 ¢ #SI2x(T)

IE(TEST: LT, xlow) XLow x TEST

IF(TEST.GT. xHIGH ) XMHIG M STEST

7EST = Mrocx (L)+ 4 x #StRX(D)
/R (TEST LT, Xtow) Xtow = TEST

1E (TEST. QT xHIGH) XHISHN 2TEST

TEST = FrLocx(r) =4 * F312X (I)
1A (TEST . LT, Xtow) XiLow =TEST.

/FCTEST.Gr XHIGH) XHIGH = TEST

TEST =~ Flocx(r) +4 » FS1ax (L
/F (TEST. T xtow) Xtow = TEST

IF (TEST . GT. XHISH) XHIGH> TEST

TEST 2 Mo Y (L) - 4 a ausi2Y(D)
IF(TEST LT, Yiow) Yilow =TEST

16 (TesT. 6T, YHIGH) YRIGH =TesT

TEST = MLoc y (T) + Y # NSIzY (L)
I (reST. LT, Yiow) Yiow= TEST

IECTEST . GT. YHIGH) YHIGH =TEST

T&€sT= Frocy(z)— 4 x FStzY(T)
IE(TEST.LT. Yiow) Yiow = TEST

/ELTEST . GI,YHIEH) YHIGH = TEST

TEST = Floc y(r) + ¢ * FSITY(X)

1F(TEST. (T Yow) Yiow= TEST

IE(TEST. GT, YHIGKH) YHIGHATEST
{
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Sugrou ring MXMIN (Yrune | xenw, xHAx)

RATMX 2 —f210”"
RATMN % /x /0 B

15 (~LocyY(L) .EQ.0) do To &

RATL = (MLocx(L) ~ g2 NS/ ?sz:)) /Niocy(t)
IF(RATL . LT. Rarmn ) RATMN = RATL
IFCRATL.GT. RATMX) RATMX* RATL

RATN = (wniocxlr) +4 % NSIFX(E)) /NLocy (L)
& (RATN (LT . RATMN) RATMN « RATN

IF(RATN . &T. RATATIX ) RATMY 3 RATN

/IF(FlLacy(r) 3. 0) Go 1@ 10

RATL = (Froex(L) -4 * Fsi3x(t)) /Flocy (T)
I1E ( RATL .LT. RATAIX) RATrMX = RATL
IECRATL .GT. RATMX) RATMX = RATL

RAT N =(FLocx (1) +4% F51EX(Z)) [ Frocy (L)
IF(EATN .LT. RATMX) RATMX. = RATN
1w (RATN .GT. RATMX) RATMX = RATN

XMIN = YTLING % RATMN
KXMAX S YTLINE * RATIIX

l RtTuﬂul
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SUBﬂOUT'UE MATCow (Z, Xlow , XHI&H, Yu)w'quy.)

D0 11602 |, 40 (e = — = = = = — —

XCORD (L) = FLOAT (1) x (/a0 ) # ( XHIGH = XLow ) + XLOW

PoiSoo I =140 = e o e — = — —

Ycor© (I) = FLoAaT (1~1) *(1/40) # (YHIGH -Yiow) + Yiaw

Lo 24oec L=, @*———— ——=——

Do 2400 J = 1,40 e

| X_= wvyul s XCopD(I) + WYUZ ¥ YCORD )

y = ~wvvzs xcoRD (L) + WVUl X YcorD (3)

CALL DENSTY (x,v,2,CoN)

conmaT (I,3) = CoN
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Sugroutine DENSTY ( xe, ve,zpP, con)

CoN = ©

Do 399 MUN = I, NBURST e — — — — —

MUNGRP = TagE (MmunN

NP} = NPUEE (MUNGRP)

/e (NPM . LE.O) Go To 3299

X = XP = XxB(MmuN)
Y. = Ye -YB(MuUN)
2 =2P -2B8 (MUN)

CALL DENM ( MUNGRP, X, Y, 2, CoNM)

Conl 2CON +CONM

RETURM
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Svarourive DENM (MuNP, xP, VP ,2P, con)

X=xP
N =XP
.2 =2P

MuN

MuNP

CON = O

NPM = NPUFE(MUN)

¢ (NPM,LE.0) Go To 399

IR (X .LE. XCENT(MUN, NPM) ~4» S1G X (MUN,NPHM) GO TO 299

IR (X.G€ XcENT(HMUN, 1) ~ 42516 X (MUN, 1) Go To 3939

IF(NPH _GE. §) Go TO 35D

Do 3/106 T 2|, NPy [+ ——— ———

caLL OENPF (MuN, L, TERNY)

Coan = Con + TERM

do 1o 3289

®
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Svgrourinve DEN N (canrmiven)

DSTBPFE 3 (xCONT (MUN, 1)~ XCENT (runt, NPIM) /FroaT (NoM 1)

NMID = (XCENT(HUN, 1) -X)/DSTBPF +2.

NLEFT =2 NMID

NRIGHT = NMID -~/

IR (NeEEr L& 0) NLEFT = |

S

IE(NLEET .GT . AMPF) b0 TO 370

CaLL DENPE (Mun, NLEERT, Ters

CON = Con +TERM

NLEFRT = NLEFT +]

IF(TERM .G&,. ©) Go To 3o
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Sverouvrive DENM (ccurmuen_)

IE(NRIGHT .GT. NPM)NRIGHT = NOA

/1E(NRISHT .LE.0) Go T 399

CaLL DENPE (MuN, NRIGHT , TERM)

ConN 2z CON+TERM

MNRIGIHT = NRIG KT =/

|E (TeRM . GE.O) &0 TO 375
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Svsreurine DENPF (mune, 1P, con)

I =17

MUN 2 MUNP

ConN 2O

Conn = '_.‘*.-{X(x_ xCl’Uf(HUU)f))/_Sl‘x (Muw, I)]‘ -
e [( Y/SIaY (Muu,z)]"'
: .

+ | #/s16 3 (Mum, 1Y) }

|2 (coNN .LE.-2S) Go 1o 350

CoN = FACTT (MUN,T)r ExP (CON N)

O
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Suseouring MATCL (2, xLow, XHIGH, YLOW, YHIGH)

Y{ = YLow
Y2 = YHIGH
D2 =0

L:
lDauoo[sl, 40 ]—-—-—--——-—-1'
l

X1 (X) = FLoAaT (I-1) % (' faa) # ( XHIGH =XLow ) + XLoW

r0° /00 T3l 40 [ == == — — — = 1

|

X2 (1) = FLOAT (I-1) % ( '/ao) X (XHIGH - XLow ) + XLow

lDo 2500 I=l,4aJ‘_—-— - — o ———

IDOZ*OO::‘,QQH —————— )

OIST = sqaT [ (X2 ()= x| (t))l-i- (y2- Yl)zJ

Dx = [x2(3) - x1(T)] / DisT
pY = (Y2-Y1) /DisT

Xz wWvulx X|(I)+wvua x Yiliow

Y = ~wvur x| (L) +wvUix Yiow

- DXP = WVUI % DX+ WVU22 DY
DYP 2 -wvuzzpx+WVUIX DY

CawL. LCON (x,Y.2,0xP, DYP, D%,Cau)]

ComLin (1,1) = Ccon

|
{
[
|
|
I
I
|
|
|
|
|
|
|
I
|
|
|
I
|
|
|
|
|

O
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Susrovrine LCON ((Poxs Poyp, Foap, uxP. vYA, U, TOTLNC)

UxX = UXP
uy =0 Ye
Ul 2UpP
TOoTLNG = O

0o 449 MM =1,NBURST

MUNCR P =

IAaGc&(nun)

‘ NPM =z NPUEF (MunGRrRP)

/e (NPM LE. D) Go TO 419

Pox = PoxpP =xB8 (mun)

pPay_ . POYP Y& (v~ . -
Poid = PozP -2B8(HMunN) ~

cAaLL LCoNM (MUNGRP,

Pox, PoY,Po },UX/UYJ Ue’lrfm)

TOTLNC =TOTLNC + TERM
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Svarovrine Lconm (MUNPJ Pox P, PoyP, PoF, DXP, DYF, D2P, ToTLNGC)

i
Pox = poxpP EF(NLEFFJ.:F.&J ~LEFT =) |
PoY =Poy® 1
PoR = Poxp | e 10 410 |
RY = 0YP
Dz =D3P | NMiD = HPH.H;_]
| #unz mune ] CALL | CONPE (Mun, N0, TFaM)

[ I
|m»4 = NPUF:(/WN)] IE{TERM . LE. 0.0l ) GO Ta 4 zﬂl

T

MNLEET = MM ID 5]
MRAIGRT2 MM

IE(WPr .LE, o) GO TO %90

l

rw. 2 XCENT (Mun~, NP/‘;[

I

] VU = xcewrmua, i)

5o To 470 ]

IF(DY.£4.0) GoTO 4l0
cavl LECONPE (Wmuw , NLEFTS r:m_}]

1

XINTER = Pax+ Sx DX /e (rerm . L& 001) G0 T 43 |

l
l—;nm»r o J

rG,oTbAl‘foJ

IF(XINTER . LE. VL) GO TO WO
/m(XINTEC.GE.VU) SaTo gio

psTRPE =(VU-vL) fruoaT(ner-i)

L 430 '

NHID = (VU=-XINTER)/DSTBPF + 2

|

I NLEFT = NMID

|

| NRIGHT =~MID =1

I
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_SUGROUT‘INE LCONM (CoNrnvutp)

&)

l ANRISHT B NPM J

IF (NRIGHT QT. NPM) NRIGHT 2 ,vm]

| CaLL LCONPE (Fun, NRIGHT, TERM) @

|

IE (TERM .LEF.0.01) Go TO 440

IF(NRIGHT. LE.O) Go TS 4%0

NLEET ~NPM +/ l T = NRIGHT

I

[6011470 1

CaLL LCONPE (rum, I, TERM )

@ ToTclL 2 ToTCL+ TERMN

]

ToTCL= © NRIGHT = NRIGHT = |
Go To 4o 1F(TERM .5 &, 0.0/) Go T 485
IE(NLEFT.ET. NPM)Go To 480 TOoTLANE = TOTCL

NLEFT | Rd"r'unul

CaLL LCONPE (MuN, I, TErM)

|

ToTCL 2 ToTCL + TERM

|

NLEFT = NLEFT+(

r

IE(TERM .GE.O0.01) Go TO 470

) a
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SuerouTime LCONPF (MUN_P,IP, pFL.uc)

I=1LP

MUN = MuNP

PELANC = ©

.1 z
A = [ Dx/s16x(Mun, 1)) + | OY/SIGY.(MUN,T))
k8
+ [ D2/51G2(MUN, 1) ]
B = Dxa» (Pox-xce»r(nun,r)/sw,x (Mun, r)z'
_ 4+ DY ¥ PoY/S16Y(Nun, 1) -+ D2 A POR/SIGZ(MUN,T)

S =-RB/a

pPMX = Pax + 3x DX
PMY = PoY_ + S* DY
PME = Paz+ S*D3

¢ =[(Prx -Xcsu'r(m'm, 1)) /S1ax (Mun, r.)]l

+ [ PMY/siaY(Hu v,I)]t-» LPrx /5162 (MuN .t)]z'

Cec = —.§xC

IF(ce .LE.=25) GO T 299

PRELNC = FACTT (MUN,T) » 2.5066 x ExP (cc) /AN

ReTURN
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Suarouting CALC ( xoss, voas, &, YTLINE  XMIN, XMAX NDEVIC, CLTHRS )

XL = Amax (CUToFL, XMIN) .

xR = AMIN (CUTOFR, XMAX)

CALL LCON (xoes, yoss,2
_DXP, DYP, D%, ToTLNC )

IXLEFT = INT (XL-cuToFL)/xINC ) +I
Do 29 IRz |, NOEVIC | — — —

IxRGHT = InT (XR =~ CUTOFL) /XI1NC)+|

"
1]

v(ie, 1)

Do 31 1Pz IXLEFT, IXRGHT[* ——

15 (TOTLNC (GE. cLTHRES (1))
. vP {tP, IR) = Lo

X = XINC ¢ FLoaT (IP-1) + CUTOFL

Dx 2 X - xo®s

DYy = YTLING - YOBS
bz = o
VMag = [ DX+ 5{‘+t>-2‘]'/"

RETURN

DX = px/VMAG
DY oY/ vag.
oz D2/VMAQGQ

[{3

DXP = wvul * DX + WVUZ x DY

DYP = ~wWVU2 2aDX + \wvu!l £DY

|
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
| E
I
I
) ©
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Suazourwe' ENDPTS (xmux, xmax, 1)

IE(XMAY=XMIN . LK, /o) Go To 28

EXTXL(IT) = ExTXLLIT) + XMUN

EXTXLS(IT) = FXTXLS(IT) + XMIN 2 XMIN

EXTXR (IT) = EXTXR (Ir) + XMAX

EXTXRS (IT) = EXTRRS (IT) 4+ XMAX & XMAX

RETURN

NIX(IT) = NiX(IT)*I

| RETURN l
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Svarovrine VEYAL (11.1R)

LY =0
RY = 0O
SKW =0
SL = ©

1F(I1XRGHr - IXLGFT .LE.O) Go T 98

|

Do /o I zIXLEFT, IXRGHT [— — — —

JF(V(CLIR) .£EQ.O GoTo /o

LY = XINC » FLOAT (I-1)+ CuTOFL

Go To 4o

1E(V(TIR) . EQ. O) Go To 20

Ry = XINC # FLoAT (J-/) +» CvTOFL

m 2T

e -~-----J
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Svarovrive VEVAL (conr)

()

SL=Ry-LY

IF (st .§Q.0) 66 10 <40

SSL(1,IR)=SSL(1/,IR)*SL

SSLS(I/,IRY =SSL(I/, ITR)+ SLASL

Sty(IL,TR) = SLY(IL,IR)+ LY

SLYS(ILIR )= SLYS(ILTR)+LY =LY

SRy(I/,1R) = SRY(INLIR)+ RY

SRYS(ZI/,IR)x SRYS (1,IR) + Ry »RY

0o 202Kk, M

= =y

1E(V(LIR) : F@.0) G0 7o 2o '

|
Sk aSH+ XINC, ]
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Svaseovrine VYEVAL (comr.)

SSH(ILIR)= SSH(TLIR) +SH

SSHS (I1,1o) = SSHS(1/,IR) + SHxSH

Go 10 SO

MNsamm (I, TR) =NSamMM (71,IR)+]

Jo

Do éo I =1,100 —— — — - —

IF(sL.G& . LEN (1)) GoT® GO

Ost (I, TR,I)= DSL(I/, TR, 1)+

e = - -

Go

™ Y0
5

RETUR N

NSArm (I, IR) = NS9mH (T1,IR) +

l RETVRN i
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Svseovrive CALPRT (ﬂSAMP, NT, SWAP, NVoL, VT , NOFV/C)

Do g0 I'=1, NT

Do S20 IR z|, NDEV/C

NSAMP/) = NSAMP ~-~SAMM (T,TR)

1F (NsAMP| .L&. 1) GoTo SIS

sLYs(T,1R) = [ (Sivs (1Ie)- SLY(TIR) /nsamp) [vsame/ -/)]/‘
srys(T,Ir) = (SRS (LIR) - sry (%, IR)/NsAMP:)/(NJAMP/-I)]

SSHI(LIR) = [(S5Hs (LIR) - ssu(1,1R)7 nsamer) Jusamer-1) ] %
sty (I,TR) = SLY(I,IR) /NSAMP/

SRY(I,IR) = SRY(T,IR) /NSAMPI
ssu(r1r) =ssu(1,1R)/Nsampy

ssts(r.re) = [(s3Ls(L,1R) - $sL (1,1R) /N:AMP)/(NSAMP-/)]

lgsi (1,IR) = SSL(LIR)/Nsamp

NIx| z NSAmP -nIx (1)

IF(NrX).LE. 1) Go TO sOS
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Svarouvrinve CALPRT. (conT)

Exrxes(r) = [(FXTXLS (1) - Exrxt(r)*/nIxt) /(NI - /)]'/"
ExTXRS (I) = [(é'xrxks(r) -:xrxza)z/m'x/)/(,«/zx/ -/)] 4

EXTXL(I) * £xTXL(1)/ Nrxi

EXTXR(T) = €xTxR(I)/NIxs

Ly -Ng

Do 30 I =/, NT

STIME = T x SNAP

J = MING (Nvol, 1+INT (STItaE /yT))

107 Next page is blank.
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PROGRAM SMOKEWP{ INPUT ,QUTPUT , TAPEM= INPUT)
DIMENSION TITLE(B), CATTN(3) ,THRES(3) ,CL THRS(3)

COMMON /REL/ XB(60) ,YBU60),28(60),TB(B0) ,NBURST
COMMON /REL2/XCENTP (60), YCENTP(50)

COMMON /WPSCR/ S10X(50),510Y(50),SI16Z(5D)
COMMON /WPSCR/ FACTT(50)

COMMON /WPCLD/ FSIGX,FSIGY,FSIGZ

COMMON /WPCLD/ DSI10X,DS10Y,DSIGZ .
COMMON /WPCLD/ ASIGX,ASIGY,ASI0Z

COMMON /WPCLD/ ESIOX,ESIOY.ESIGZ

COMMON /WPCLD/ WNOSPD,FACTOR

COMMON /ABS/XBA(60) ,YBA(B0) ,ZBA(E0) , TBA (60) ,NBRSTA
COMMON /ABS2/ XCENT (80),YCENT (60) ,ZCENT (60)
COMMON 7/ABS3/ $I0XA (50),$1GYAIS0)

COMMON /TMSCLE/ INSNAP, INVOL DT

COMMON /PLACE/ SIOBR,.SI0GBO,SI10AR,SIGAD, REL
COMMON /PLACE/ XIDEAL(6),YIDEAL(E) ,ZIDEAL(E)
COMMON /WNODDIR/WVUL WVLR

COMMON /ADE IND/ [AGE (80)

COMMON /FLDSIT/ CUTOFL ,CUTOFR, XINC

DATA FSIOX/.1%822/ ,FSIOY/3.41/,FS102/1.35/
DATA DS10X/1.0/,0S10Y/100.0/,05102/20.07
DATA ZCENT/50°0.0/

500 CONTINUE .

READ(4,2) TITLE
2 FORMAT(BAIQ)

PRINT 10,TITLE
10 FORMAT (1K1, ,BAID)

READ(4,1)U,ALPHA ,BE TA
1 FORMAT(3F10.%)

PRINT 4,U,ALPHA,BET A
4 FORMAT(IHO,* WIND SPEED(X DIRECT) =*,F10.5,
* *ALPHA =* F10.5,*BETA =+ ,F10.5)

READ(4,11) WYUL WVYU2
It FORMAT(2F10.%)
PRINT 12,WVUL, WVUR
12 FORMAT(IHO,*WIND VECTOR DIRECTIDN CDSINES X =¢,F10.5,*Y =* F[0.5)

READ(4,6) YIELD,QMUN,SIGXS,SI10YS,5162S

& FORMAT(FI0.5,E10.5, 3F10.5)
PRINT 3,YIELD,QMUN, SIGXS,SIDYS,51GZ2S

3 FORMAT(*Q*,* Y[ELD «*,F10.5,*QUAN OF MUN (ADJ) =+, E10.5,
1 ¢ SOURCE SIOMAS «+,3F10.5)

READ(4,%5) NOEVIC
5 FORMAT(IS)

READ(4,7) ({CATTN(IR),THRES(IR)),IR=1,NDEVIC)
7 FORMAT(BFI10.%)

CALL STCL(QMUN,YIEL D,SIGXS,SIGYS,S1GZS, ALPHA,BETA. U}

DO 159 I=I ,NOEVIC

CLTHRS(T)=ALOG( 1.0~ THRES([1)/ (-CATTN({))

PRINT 95,1,CATTNCI) ,THRES(1) ,CLTHRS! 1)
95 FORMAT(*0°*,13.* COEF ATTN =+ FI0.5,

1 ¢ THRESHOLD =+,Ft0.2,

ne
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e * CL THRES =*,F10.2)
159 CONTINUWE

C ssveesesssssssssesas MUNITIONS PLACEMENT HERE

READ(Y4,50) NRPV
S0 FORMAT(110)
PRINT 4 ,NRPV
14 FORMAT(IHD, 'NUMBER OF ROUNDS PER VOLLEY *,[4/
2 IHD, * IDEAL 1MPACT POINTS o/
. *0*,* NO.®.EX,*X*, 11X, 0Ye,11X,*Z*)

DO 2500 J=1 ,NRPV
REAO(Y4,55) XIDEAL(J) YIDEAL (), ZIDEAL (J) .
55 FORMAT(3F10.5)
PRINT 16,J,XIDEAL(J) ,YIDEAL (J) ZIDEALCUY
16 FORMAT(* *,14,6(1X,F10.2,1X))
2500 CONTINUE .

READ(4,21) NSAMP NVOL ,NT,0T,0L

21 FORMAT(315.2F5.0)
PRINT 23 ,NSAMP,NVOL ,NT,DT,0L

23 FORMAT(IHO,*TDTAL NUMBER OF SAMPLES =*,1S,/
1 1X,*TDTAL NUMBER OF VOLLEYS =*,15,/
2 IX,*TDTAL. NUMBER OF TIMES =+ 15,7
3 I1X,*TIME INCREMENTS =+ ,F5.0,°SEC.*,/
Y IX.*LINE INCREMENTS =°* ,F5.0)

REAQ(Y4,18) VT ,SNAP

18 FORMAT(2F10.1)
PRINT 19,VT ,SNAP

19 FORMAT(IHO,*TIME BETWEEN VOLLEYS =*,F10.1,/
1 1X,*SNAP TIME INCREMENT =+ F10. 1!

READ(4,22) SIGBR,S!16BD,S10AR.S1GAD,REL
22 FORMAT(SF10.4}

PRINT 24,51GBR,510680,510AR, S1GAD,REL
24 FORMAT(IHO,.*BR =*.F5.0,5X,*BD =*,F5.0./

1 IX,*AR =* ,F5.0,5X,%AD =*,F5.0,7

2 IX,*REL =*,F5.0)

NBRSTA=NVOL *NRPV

INSNAP=SNAP/DT

INVOL=VT/OT

CALL FRMCLDINT,DT,NVOL ,NS)

X08S=0.0

v0BS=0.0

READ(4,20) YTLINE,CUTDFL ,CUTOFR
20 FDRMAT(3F10.2)

REAO(Y,20) XT,YT

READ(4,20) XINC

I=1.5

PRINT 73,X08S,Y0BS

73 FORMAT(]|HO,*OBSERVER COORD =*,2F10.1}
PRINT 71 ,XT,YT

71 FORMAT(1HO,*AIMPOINT COORO =°¢,2F10.1)
PRINT 72,YTLINE

72 FORMAT(IHO,*DISTANCE TO LINE =+ ,F10.1)
PRINT 74,XINC

T4 FORMAT(1HO,* X-INCREMENT =¢ F5.1)
PRINT 75,CUTOFL ,CUTOFR

75 FORMAT(1HD,* 90 DEGREE SECTOR =*,F7.0,* . °*.F7.0)
PRINT 35,7

35 FORMAT(*0¢,*HEIGHT ABOVE CENTROID °*.FI10.5)

CALL CLEAR tOL)

CO 28 Kl=|,NSAMP
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PRINT 8,KI
B FORMAT(*]e * DATA FOR SAMPLE NUMBLF *,[%)

CALL MFLACE (NVOL ,NRPV VT XT,YT)
CALL conasT

PRINT 42
42 FORMAT(*0°,* MUNITION BURSTS AT *)
PRINT 43 .
43 FORMAT(°0° 11X, *LOCATION®,11X,5X,7X,*TIME*)

=0

DO 199 Ilv=1 ,NVOL
DO 199 [RD=1,NRPV
[=1+1

PRINT 48.1.1V,IRD,XBACI),YBA(]) ,ZBALI), TBALI)
48 FORMAT(*0e*, 3C(IX.I13,1X),3(1X,FB.2,IX),6X.FB.2}
199 CONTINLE

DO 1100 MT=| ,NT

CALL TIME(MT,U}

c PRINT 32
32 FORMAT(*0®,* MUNITION CHARACTERISTICS O
[ PRINT 33

33 FORMAT(*0°, 11X, LOCATION®, [IX,5X, I4X,*S]1ZE*)
DO 350 1MUN=],NBRSTA
MG=] AGE ( |MUN)
IF(MG.LE.DY GO TO 360

[ PRINT 38, IMUN,XCENT ( IMUN) , YCENT ( IMUNY , YCENT CTMUNY .
c : SIGXACIMUN) ,SIGYA(IMUN) ,SIGZ (MG)
38 FORMAT(®0*,1X,I2,.2X,3(1X,FB.2,1X} ,5X,3(1X,FB.2,1X))
350 CONTINUE
360 CONTINUE
CALL SIZE(XLOW,XHIGH, YLOW, YHIGH)
PRINT 86, XLOW,XHICH , YLOW, YHIGH
86 FORMAT(IHO,* SCREEN DIMENSIONS X=*,2F7.2.2X,°Y=*,2F7.2)
CALL MXMINCYTLINE ,XMIN, XMAX}Y
PRINT 9,XMIN, XMAX
9 FORMAT(IH ,*XMIN =¢ F[0.2,2X,*XMAX =¢ ,Fl10.2)
YSL INE=500.0
[ CALL MATCON(Z ,XLOW, XHIGH, YLOW, YHIGH)
c CALL MATCL(Z.XLOW.XHIGH, YOBS, YSL INE)
CALL CALC(XOBS,YOBS .Z.YTLINE ,XMIN,XMAX, NDEVIC,CL THRS)
CALL ENDPTSIXMIN,XMAX ,MT)
DO 299 IR=1,NDEVIC
CALL VEVAL (MT, IR}
299 CONTINLE
1102 CONTINUE
28 CONTINLE
CALL CALPRY (NSAMP, NT,SNAP,NVOL,VT,NDEVIC)
sTOP
END
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800

105

110
120

SUBROUT INE CLEAR(DL )

COMMON /STATS/ SSL(50,3),55L6(50,3),5LY (%50,3),5LY6(50,3),

| SRY(50,31,SRYS(30, 3),55H(50,3) ,55HSI50 ,3) ,NSAMMIS0, 3) ,LEN( 100,
@ DsL(50,3,100)

COMMON /STAT2/ EXTXL(50) ,EXTXLS(50) ,EXT XR(50) ,EXTXRS(50) NI X(501}

DO 80O 1=1,100
LENCT)Y=DL* |

DO 120 1=1,50
NIXt11=0
EXTXL(1)=0.0 &
EXTXLS(11=0.0
EXTXR(1)=0.0
EXTXRS(11=0.0
DO 110 IR=1,3
NSAMM(], IR) =0
SSLLILIRY =0.0
SSLS(I,IRI=0.0
SLY(I,IR)=0.0
SLYStI,IR1=0.0
SRY(I,IR)=0.0 .
SRYS(1,IR) =0.0
‘DO 105 K=1,100
OSL(I,IR,K)=0.0
SSHUI,.IR) =0.0
SSHS(I,IR1=0.0
CONT INUE
RETURN

END
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SUBROUT INE MPLACE INVOL (NRPV, VT XT,YT?

COMMON /ABS/ XB(60),YB(60),28160),18(60) ,NBURST
COMMON /PLACE/ SIGBR,SI1GBD.SIGAR,SIGAD, REL
COMMON /PLACE/ XIDEAL(6),YIDEAL(5),ZIDE AL (6)

CALL NORANIR,SIGAR, E,SI1GAD)

XCA=XT +E ’

YCA=YT+R

DO 32 I=).NVOL

BRSTTM= ([-1)eVT .
DO 30 J=1,NRPV

IF (RANF (DUM) .GT.REL ) GO TG 30

CALL NORANIR,SIGBR, E£,S1680)

XCRO=XCA+XIDEAL (J)+E .

YCRO=YCA+YIDEAL(J) +R

MUNNO=(1-1)*NRPV + J

X8 {MUNNO1 =XCRD
YB(MUNNC) = YCRD
ZBIMUNNG1 =0.0
TBIMUNND) =BRSTTM

30 CONTINE
32 CONTINE

RETURN
END
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SUBROUT INE CONBST

COMMON /REL/ XB(60) ,YBIB0) ,ZBIS0), 18180 ) ., NBURST
COMMON /REL2/XCENTP (80) , YCENTP(80Q)

COMMON /ABS/XBA(B0) ,YBAIS0) ,ZBAIS0) , TBA (80) . NBRETA
COMMON /WNDD I R/WVUT (WVUR2

NBURET =NBRSTA

DO 100 [=1 ,NBRSTA

XBC[)oWVUL O XBAL ) *WVUB YBAL L)

YBR[ o~WVURSXBAL D) ¢+ WVUL*YBALL) .
I8 1)1 «2BAL])

TBUI1«TBALD)

YCENTP([)=vBLL)

CONT INUE

RETURN

END
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SUBROUTINE NORAN(R, SR,0,8D)

X=RANF { DUM)
IF(X.LE.0.0) GO TO 1
A=SORT(-2.0°ALOGIX1 1
B=5.28318530718*RANF (DUM)
R=A*SR*SIN(B)
D=A*SD*COS(B)

RETURN

ENO
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SUBROUTINE SIZE(XLL XU, YLL,YW)

COMMON /A<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>